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析表明，大小为 500-700 nm 左右的 ZnMn2O4多孔纳米球被石墨烯严实包裹着，
并且 ZMO PSs 颗粒与颗粒之间通过石墨烯相互连接起来。我们对单纯的 ZMO
PSs和 ZMO-G PSs复合材料的电化学储锂性能都进行了测试。正如所预期的那


















Among various energy storage systems, lithium-ion batteries and supercapacitors
have attracted great attentions from both academia and industry because of their
advantages such as high energy density and power density, long cycling life, safety,
and environment friendliness. As we all know, the electrochemical performance of
lithium-ion batteries and supercapacitors are greatly depended on the electrode
materials used. The capacity of the present commercial carbon materials is too low,
which cannot fulfill the increasing demands of consumers. Therefore, great attentions
are paid to developing new high-performance electrode materials to replace the
commercial carbon materials. Recent progress has demonstrated that transition metal
oxides with high theoretical capacities and low cost have been considered as
promising electrode materials for high-performance lithium-ion batteries and
supercapacitors. In this paper, we aim to the synthesis transition metal oxide with
large specific surface area, high electrical conductivity, and good structure stability for
high-performance lithium-ion batteries and supercapacitors. We have carried out a
series of work including synthesis of electrode materials with desirable morphology
and structure, rational design and construction of electrode architectures, and
synthesis of metal oxide and graphene nanocomposites. The details are discussed as
below:
1. Ternary metal oxides often exhibit higher electrochemical activities compared to
binary metal oxides. Herein, we develop a simple hydrothermal method to synthesize
the NiMoO4 nanospheres, which are assembled from many thin mesoporous
nanosheets. Compared with the NiMoO4 nanorods, the NiMoO4 nanospheres possess
higher electrical conductivity, larger surface area and better structure stability. Then
their supercapacitive properties are investigated and the electrochemical results show
that the NiMoO4 nanospheres exhibit better rate capability and cycling stability. By
changing the experiment condition, we successfully synthesize the hierarchical















exhibit much higher specific capacity when investigated as electrode material for
supercapacitors.
2. Compared to traditional supercapacitor electrodes, directly grown active materials
on current collector as binder-free electrodes posses multiple advantages. Herein, we
develop a simple hydrothermal method to grow ultrathin and mesoporous NiCo2O4
nanosheet arrays on Ni foam and then investigated as binder-free supercapacitor
electrodes. In addition, the important role of NH4F in the synthesis system has also
been investigated. By simply changing the addition of NH4F, NiCo2O4 nanostructures
with different morphologies have also been obtained on Ni foam, and then their
electrochemical performance are investigated. Electrochemical results show that the
ultrathin and mesoporous NiCo2O4 nanosheet array electrode (using 6 mmol NH4F)
exhibits the best electrochemical performance, which is related to its unique structure
and morphology.
3. For such binder-free supercapacitor electrodes, the main problem is that the mass
loading of the active materials on current collector is too low, resulting in low specific
areal capacitance. Herein, we develop a simple two-step hydrothermal method to
construct unique NiCo2O4 nanowire@CoMoO4 nanoplate core/shell hybrid
nanostructures on Ni foam. Moreover, a possible mechanism for the second growth of
CoMoO4 nanoplates on NiCo2O4 nanowires is put forward according to the
time-dependent experiments. This electrode design not only greatly enhance the mass
loading of the active materials on current collector, but also can make sure the high
efficient utilization of the electrode materials. When evaluated as binder-free
supercapacitor electrodes, such unique NiCo2O4@CoMoO4 core/shell hybrid
electrodes exhibit much larger areal capacitance than the pristine NiCo2O4 nanowire
array electrode.
4. SnO2 is an attractive alloy anode material with high theoretical capacity. However,
the poor cycling and rate performance greatly restrict its practical applications. Herein,
we present a simple hydrothermal method to prepare the nanocomposite of SnO2
octahedral nanocrystals (ONCs) and graphene sheets (GS). These SnO2 ONCs are















addition, the nanocomposite of SnO2 nanoparticles (NPs) exposed with stable facets
on GS has also been synthesized as comparison. The lithium storage properties of the
as-synthesized two SnO2 and graphene nanocomposites are then investigated.
Electrochemical characterizations show that the SnO2 ONCs/GS nanocomposite
exhibits much enhanced rate and cycling performance compared with the SnO2
NPs/GS nanocomposite.
5. Ternary ZnMn2O4 possess both alloy and conversion reaction mechanisms, and are
extensively investigated as high performance anode materials for lithium-ion batteries.
In order to enhance its cycling and rate performance, herein, we develop a two-step
strategy to synthesize the ZnMn2O4 porous spheres and graphene (ZMO-G PSs)
nanocomposite. Structure analysis reveal that the ZnMn2O4 porous spheres (ZMO PSs)
with diameter about 500-700 nm are well wrapped by the graphene and
interconnected via the graphene networks. Afterwards, the lithium storage properties
of the pure ZMO PSs and ZMO-G PSs nanocomposite are then investigated. As
expected, the as-synthesized ZMO-G PSs nanocomposite exhibits significant
enhanced Li-battery performance with high reversible capacity, good cycling stability
and enhanced rate performance.
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